We explored whether a gender difference was evident in terms of the associations of snoring with hemoglobin A1c (HbA1c) and homeostatic model assessment-insulin resistance (HOMA-IR) levels in a healthy population without type 2 diabetes mellitus (DM).
INTRODUCTION
Snoring, an indicator of increased airway resistance, is commonly regarded as a surrogate marker of obstructive sleep apnea. 1 Earlier epidemiological studies have shown that snoring is associated with metabolic syndrome, hypertension, and diabetes mellitus (DM). [2] [3] [4] Moreover, recent studies have indicated that habitual snoring is a significant risk factor for cardiovascular disease. 5, 6 Both metabolic pathways and non-metabolic features such as subclinical atherosclerosis may mediate the association between snoring and cardiovascular disease. 7, 8 Measurement of hemoglobin A1c (HbA1c) is diagnostically valuable when monitoring long-term glycemic control of DM patients. Higher concentrations of HbA1c in such patients, indicating suboptimal control of blood glucose levels over the prior 2−3 months, have been directly linked to long-term diabetic complications such as cardiovascular events and death. 9, 10 In addition, recent epidemiological studies have shown that elevated HbA1c concentrations are associated with atherosclerosis and cardiovascular disease, even in individuals without DM. [11] [12] [13] To date, any association between snoring and HbA1c levels in individuals without DM has received little attention. Polysomnography, the gold standard for diagnosis of obstructive sleep apnea, is expensive, labor-intensive, and time-consuming. 14 However, it is important to determine whether snoring, a useful public health screening tool, is significantly associated with HbA1c levels in general populations. Furthermore, although a recent meta-analysis found that habitual snoring was a risk factor for DM only in females, 15 limited information is available on the gender-specific relationship between snoring and HbA1c levels in individuals without DM. Thus, the aim of the present study was to investigate a possible gender difference between self-reported snoring status and HbA1c levels in a community-dwelling general population without DM. This study also evaluated the relationship between snoring frequency and homeostatic model assessment-insulin resistance (HO-MA-IR), a widely utilized method of quantifying insulin resistance.
MATERIALS AND METHODS

Study population
The study population consisted of both males and females who participated in the baseline survey of the Namwon Study between 2004 and 2007. 16 Of the total of 10667 individuals enrolled, 10076 aged ≥50 years were initially included. Next, 2058 participants for whom information on snoring was lacking (totals of 1956 who were not surveyed in terms of snoring in 2004 and 102 who were inadequately surveyed in 2005−2007), and 204 participants for whom no information on HbA1c, fasting blood glucose (FBG), and insulin levels was available were excluded. An additional 1028 participants with DM, defined as those using anti-diabetic medications or having a FBG level ≥126 mg/dL, were also excluded. Thus, 6786 participants (2706 males and 4080 females) were included in the final analysis. The study protocol was approved by the Institutional Review Board of Chonnam National University Hospital (I-2007-07-062). All participants were fully informed of the nature of the study, and all provided written informed consent for use of their data.
Interview
Information on demographics, cigarette smoking, alcohol consumption, medical history, and medications used (to treat DM, hypertension, and/or dyslipidemia) was collected using a standardized questionnaire administered by well-trained interviewers. Smoking status was classified into current smoker and current non-smoker. Alcohol consumption was scored as drinks/day. Educational level was scored as elementary school or lower (≤6 years), middle or high school (7−12 years), and college or higher (≥13 years).
Snoring status was assessed in a structured interview that included the two questions: 1) "Do you know or have you ever been told that you snore?" (yes or no) and 2) "How often do you snore?" Snoring frequency was scored as non-snorer, occasional snorer (1−3 days/week), frequent snorer (4−6 days/week), and constant snorer (7 days/week).
Anthropometric and biochemical parameters
Height was measured to the nearest 0.1 cm and weight to the nearest 0.1 kg with each participant lightly dressed. Body mass index (BMI) was calculated as weight in kilograms divided by height in meters squared. Waist circumference (WC) was measured to the nearest 0.1 cm, during expiration, at the midpoint between the lowest rib margin and the iliac crest. Blood pressure was measured on the right upper arm using a mercury sphygmomanometer (Baumanometer; WA Baum Co., Inc., Copiague, NY, USA) fitted with customized cuffs. Three consecutive blood-pressure measurements, performed at 1-min intervals, were taken after each participant had sat for at least 5-min, and the average values were used in the analysis.
Blood was drawn from the antecubital vein in the morning after a 12-h overnight fast; serum was separated on-site and stored at -70°C prior to analysis. Total cholesterol, high-density-lipoprotein (HDL) cholesterol, triglyceride, and FBG levels were analyzed enzymatically using an automatic analyzer (Hitachi-7600; Hitachi Ltd., Tokyo, Japan). HbA1c concentrations were measured by high-performance liquid chromatography (VARIANT II system; Bio-Rad, Hercules, CA, USA). Insulin levels were measured using an automated, chemiluminescent microparticle immunoassay (AxSYM; Abbott Diagnostics, Abbott Park, IL, USA). HOMA-IR was calculated using the formula [FBG (mg/dL)×fasting insulin (μU/mL)/405]. DM was considered present when the FBG level was ≥126 mg/dL or the participant used insulin or hypoglycemic medication (again, participants with DM were excluded from the analysis).
Statistical analysis
We analyzed male and female data separately. Continuous variables are expressed as means±standard deviations and categorical variables as frequencies (with percentages). Differences in characteristics by snoring status were compared using analysis of variance for continuous variables and the chisquared test for categorical variables. The mean HbA1c con-centrations by snoring frequency were compared using a general linear model. Multiple logistic regression was used to evaluate the association between snoring and HbA1c level. All HbA1c concentrations were dichotomized as normal or elevated (highest quintile, ≥5.9%). Adjusted odds ratios (ORs) and 95% confidence intervals (CIs) for elevation of HbA1c levels by snoring frequency were compared. General linear modeling and logistic regression were sequentially performed as follows: age-adjusted (model 1); further adjusted for educational level, systolic blood pressure, the total-to-HDL cholesterol ratio, triglyceride level, current smoking, alcohol consumption, use of medication to treat hypertension, and use of medication to treat dyslipidemia (model 2); and further adjusted for BMI and WC (model 3). We, thus, sought to identify an independent association between snoring and HbA1c level after excluding the influence of all other glycemic indices. All statistical analyses were performed with the aid of SPSS software, version 22.0 (IBM Corp., Armonk, NY, USA).
RESULTS
Baseline characteristics of the study population
The characteristics of males and females, by snoring status, are shown in Tables 1 and 2 . The mean age of male participants was 64.4±7.0 years and that of females 63.2±7.1 years. The proportions of non-snorers and occasional, frequent, and constant snorers were 46.4, 28.2, 7.7, and 17.7% among males and 48.2, 29.1, 6.4, and 16.3% among females, respectively. The gender difference in the snoring frequency proportion was of borderline significance (p=0.054). In males, FBG, insulin, and HOMA-IR levels exhibited significant linear trends by snoring status, while HbA1c levels did not. However, HbA1c, FBG, insulin, and HOMA-IR levels exhibited significant linear trends by snoring status in females. In either gender, BMI, WC, and alcohol consumption all increased significantly with increasingly severe snoring status (p trend <0.05). Snoring frequency was significantly associated with FBG, insulin, and HOMA-IR in both genders, but was associated with HbA1c in females only (Table 3 ).
HbA1c and HOMA-IR concentrations by snoring frequency
The gender-specific HbA1c and HOMA-IR concentrations by snoring frequency are presented in Table 4 . No significant difference in HbA1c levels between non-snorers and occasional, frequent, and constant snorers was observed when models 1, 2, and 3 were applied to males. In contrast, among females, HbA1c concentrations in frequent and constant snorers were significantly higher than those of non-snorers in models 1 and Data are presented as means±standard deviations, or medians (with interquartile ranges) or numbers (with percentages). All participants were divided into nonsnorers, occasional snorers (1-3 days/week), frequent snorers (4-6 days/week), and constant snorers (7 days/week).
2. Fully adjusted HbA1c concentrations of constant snorers were significantly higher than those of non-snorers. In model 3, the fully adjusted mean (95% CI) HbA1c concentrations for non-snorers and occasional, frequent, and constant snorers were 5.53% (5.47−5.59%), 5.53% (5.47−5.59%), 5.57% (5.49− 5.64%), and 5.57% (5.51−5.64%), respectively, reflecting a dose-response relationship (p trend=0.004). In both genders, a dose-response relationship between snoring frequency and HOMA-IR concentration was detected in models 1 and 2. However, after further adjustment for BMI and WC in model 3, the association between snoring and HOMA-IR was no longer significant in males (p trend=0.801) or females (p trend=0.630).
Association between snoring and elevated HbA1c and HOMA-IR levels
The relationships between snoring frequency and elevated HbA1c and HOMA-IR levels are shown in Table 5 . After adjusting for age (model 1), the ORs for elevated HbA1c levels were not significantly higher or lower for occasional, frequent, or constant male snorers than for non-snorers. In males, no significant relationship between snoring frequency and an elevated HbA1c level was apparent in either model 2 or 3. In contrast, the ORs for an elevated HbA1c level were significantly higher for females who snored frequently (OR 1.54, 95% CI 1.11−2.15) or constantly (OR 1.65, 95% CI 1.31−2.07) than for non-snorers (model 1). After further adjustment, the ORs for elevated HbA1c levels in females who snored constantly remained significant (OR 1.45, 95% CI 1.22−1.95 in model 2; OR 1.30, 95% CI 1.02−1.66 in model 3). For females only, significant linear trends were evident in all of models 1, 2, and 3.
Although a dose-response relationship between snoring frequency and elevated HOMA-IR level was observed in males in model 1, the significant association disappeared after further adjustment in models 2 and 3. In females, a dose-response Data are presented as means±standard deviations, or medians (with interquartile ranges) or numbers (with percentages). All participants were divided into nonsnorers, occasional snorers (1-3 days/week), frequent snorers (4-6 days/week), and constant snorers (7 days/week). relationship between snoring frequency and elevated HOMA-IR level was detected in models 1 and 2. However, after further adjustment for BMI and WC in model 3, no significant association between snoring and elevated HOMA-IR level was evident in females.
DISCUSSION
We explored gender-specific cross-sectional associations between self-reported snoring frequency with HbA1c and HO-MA-IR levels in a healthy population, aged ≥50 years, without DM. We found that more frequent snoring was significantly associated with increased HbA1c levels among females without DM but not males; the association remained consistent after adjustment for covariates.
Earlier epidemiological studies examined the association between self-reported snoring and DM, although the results were inconsistent. A recent meta-analysis found a significant relationship between habitual snoring and DM; the association was strong in females but not in males. 15 Although the detailed mechanism of the association between snoring and DM remains poorly understood, biological causes have been suggested. Intermittent hypoxia and hypercapnia developing during snoring may stimulate sympathetic activity, induce oxidative stress, increase the levels of counter-regulatory hormones, and activate pro-inflammatory cytokines, contributing to the pathogenesis of DM by increasing insulin resistance. 17, 18 In addition, the close relationships between snoring and both subclinical atherosclerosis and cardiovascular disease may trigger the development of DM. 7 It was important to explore the association between snoring and HbA1c level in individuals without DM, as higher HbA1c levels are indicative of poor glycemic control, suggesting that DM may be developing. 19 However, although many studies have explored the association between snoring and DM, only a few Data are presented as mean (95% CI). All participants were divided into non-snorers, occasional snorers (1-3 days/week), frequent snorers (4-6 days/week), and constant snorers (7 days/week). *Adjusted for age, † Adjusted for age, educational level, systolic blood pressure, total-to-high density lipoprotein cholesterol ratio, triglyceride level, current smoking, alcohol consumption, use of medication to treat hypertension, and use of medication to treat dyslipidemia, ‡ Adjusted for the variables of model 2 plus BMI and WC.
epidemiological works have examined the association between snoring and HbA1c levels in populations without DM. Again, the findings have been inconsistent. 20, 21 The Korean Health and Genome Study on non-obese normoglycemic adults found that habitual snoring was significantly associated with elevated HbA1c levels (5.8%; the top quintile) in both males and premenopausal females, but not in postmenopausal females. However, the results were not adjusted in terms of FBG or insulin levels. 20 One large American study of adults without DM found that snoring frequency was positively associated with both insulin and HbA1c levels. However, gender-specific associations may not have been explored: all analyses were run on a population including both males and females. 21 The Korean Multi-Rural Communities Cohort Study found that more frequent snoring was significantly associated with elevated FBG levels (≥100 mg/dL). However, DM patients currently on medication were included and their elevated FBG levels would have affected the analyses. 2 In the present study, we excluded patients with DM; we explored the association between snoring and HbA1c levels in only adults without DM (thus those who were normal or had prediabetes).
In contrast to what was previously found, 20 we showed that habitual snoring was significantly associated with increased HbA1c levels in females but not males. Interestingly, this gender-specific association was similar to that found between snoring and DM in a prior meta-analysis; the association was significant in females but not males. 15 We found that, even in females without current DM, habitual snoring was associated with poor glycemic control, which may increase the risk of DM development and subsequent cardiovascular disease. It is not clear why the association between snoring and HbA1c level among adults without DM differs by gender, although hormones may play a role. Sleep-disordered breathing and diabetes are both affected by sex steroid hormones. In females, sleepdisordered breathing increases after menopause and can be alleviated by hormone replacement therapy. 22, 23 Females with Data are presented as OR (95% CI). All participants were divided into non-snorers, occasional snorers (1-3 days/week), frequent snorers (4-6 days/week), and constant snorers (7 days/week). *Adjusted for age, † Adjusted for age, educational level, systolic blood pressure, total-to-high density lipoprotein cholesterol ratio, triglyceride level, current smoking, alcohol consumption, use of medication to treat hypertension, and use of medication to treat dyslipidemia, ‡ Adjusted for the variables of model 2 plus BMI and WC.
polycystic ovary syndrome often develop DM and suffer from sleep apnea. 24, 25 The presence of polycystic ovary syndrome in premenopausal females may partially explain gender differences in the association between snoring and HbA1c. 26 Because males have a higher risk for cardiovascular disease than females, it is possible that males with severe snoring may have passed away at a younger age and been less likely to be included in the study. There is also the possibility of a gender bias in the classification of self-reported snoring frequency. Lastly, confounders not accounted for in this study may have influenced outcomes. Further studies are needed to explore whether snoring is significantly associated with HbA1c levels in either gender.
Obesity is associated with snoring and sleep apnea. 27, 28 There are also strong associations of obesity with type 2 diabetes and impaired glucose tolerance. 29, 30 In this study, we assessed the association between snoring and HbA1c level independent of obesity, which is a potent risk factor for hyperglycemia and increased HbA1c. After adjustment for BMI and WC in model 3, the OR for elevated HbA1c levels in females who snored constantly was slightly attenuated, but remained significant. Therefore, although obesity influences HbA1c levels, a significant association between snoring and HbA1c was identified independent of obesity. However, the significant dose-response relationship between snoring frequency and elevated HOMA-IR disappeared after further adjustment for obesity indices, such as BMI and WC, in females. The exact underlying mechanism is unknown; however, the following is a possible explanation. HOMA-IR is used to qualify insulin resistance, and obesity is a risk factor for insulin resistance, 31, 32 implying a cause-and-effect relationship. 33, 34 It is possible that obesity indices confound the association between snoring frequency and elevated HO-MA-IR. In this study, controlling for the potential confounding effect of obesity may in fact reveal no association between snoring and elevated HOMA-IR in females.
Our study had certain limitations. First, the cross-sectional design renders it impossible to draw causal inferences between snoring and outcome variables. Nevertheless, several studies have addressed direct causal relationships. Snoring-induced hypoxia and hypercapnia can stimulate sympathetic activity and increase plasma catecholamine and cortisol levels, thereby impairing glucose homeostasis and causing insulin resistance. [35] [36] [37] In addition, the formation of reactive oxygen species with intermittent hypoxia increases the secretion of proinflammatory cytokines, which may mediate peripheral insulin resistance and induce diabetes. 17, 38 Second, snoring data were obtained via a questionnaire; polysomnography would have been more objective. Finally, snorers who live or sleep alone are often unaware of their snoring status. This means that misclassification bias may have attenuated the association between snoring and HbA1c level. Despite these limitations, our work is valuable in that it increases our understanding of the gender-specific association between snoring status and HbA1c levels in large general populations.
In conclusion, we found that, in a healthy general population without DM, habitual self-reported snoring was positively associated with elevated HbA1c levels in females but not in males. This finding may influence the early management and treatment of sleep disorders, as individuals with prediabetes and increased HbA1c levels are more likely to develop DM. Further prospective studies are required to explore gender-specific differences in the association between snoring and HbA1c levels in large general populations.
